Introduction
============

According to the Centers for Disease Control and Prevention (CDC), stroke affects approximately 800,000 individuals each year and is the leading cause of serious long-term disability in USA. Besides physical impairment, stroke survivors often suffer from cognitive impairment (mild or severe), fatigue and sleep disturbances, mental health issues, and diminished quality of life, all of which can contribute to difficulty with instrumental activities of daily living (IADL), such as preparing meals, completing chores, taking a shower, or managing finances.[@b1-ndt-15-177],[@b2-ndt-15-177] Being able to perform IADL is necessary for successful independent living, and an inability to perform IADL among stroke survivors is associated with increased mortality, stroke recurrence, slower/poorer recovery, and greater levels of functional impairment, after adjusting for vascular risk factors.[@b3-ndt-15-177] A better understanding of the causes for impairment in IADL is needed to offer potential remediation strategies during rehabilitation and improve stroke recovery.

Fatigue and sleep disturbances (notably short or long sleep durations, poor sleep quality, and sleep disorders such as insomnia and obstructive sleep apnea) are common after a stroke.[@b4-ndt-15-177]--[@b6-ndt-15-177] These sleep-related health conditions are linked to poor psychosocial outcomes such as decreased likelihood of returning to paid employment 12 months after a stroke after adjusting for age, sex, and mental health comorbidity.[@b7-ndt-15-177] This finding calls for a deeper understanding of the impact of sleep problems on functional outcomes among stroke survivors, specifically on global functional outcomes such as IADL.

Sleep duration has been shown to be strongly associated with poor functional outcomes and neurocognitive dysfunction among stroke survivors.[@b8-ndt-15-177],[@b9-ndt-15-177] Short sleep duration (\<7 hours per 24-hour period) has been linked to various functional difficulties such as driving, taking care of financial affairs, or performing work-related tasks.[@b10-ndt-15-177],[@b11-ndt-15-177] Long sleep duration (\>8 hours) is also linked to impaired functional outcomes.[@b4-ndt-15-177] Both short and long sleep duration may be caused by insomnia and sleep apnea which can lead to increased daytime sleepiness in stroke patients.[@b12-ndt-15-177]--[@b14-ndt-15-177]

Therefore, the aim of the current study was to determine the association between sleep duration and daily functioning, particularly with respect to performing IADL, among stroke survivors and individuals without a stroke history.

Methods
=======

We analyzed data from the 2000 to 2015 National Health Interview Survey (NHIS), a nationally representative multipurpose health survey of civilian, noninstitutionalized US residents, conducted by the CDC's National Center for Health Statistics (NCHS). The data collected in the NHIS are obtained through a complex, multistage sample design that involves stratification, clustering, and oversampling of specific population subgroups, such as minority populations. Details on sample design are reported elsewhere.[@b15-ndt-15-177],[@b16-ndt-15-177] Trained staff from the US Census Bureau collected data according to procedures specified by the NCHS in face-to-face interviews using computer-assisted personal interviewing methods as well as telephone surveys. Respondents during the face-to-face interviews provide sociodemographic data (age, sex, race/ethnicity, average family income, and education), health risks (smoking status and alcohol intake), and physician-diagnosed chronic conditions or diseases (hypertension, diabetes, coronary heart disease, cancer, kidney disease, stroke, and myocardial infarction). This study was carried out in accordance with the recommendations of CDC with written informed consent from all subjects and in accordance with the Declaration of Helsinki. The protocol was approved by the CDC.

Target variables and data analysis
----------------------------------

We used sociodemographic, behavioral/lifestyle, psychosocial, and self-reported medical data from the NHIS spanning 15 consecutive years (2000--2015). All information collected was self reported.

### Problems with IADL

The ability to perform IADL was assessed by whether an individual "currently needed the help of other persons in handling routine needs, such as everyday household chores, doing necessary business, shopping, or getting around for other purposes, because of a physical, mental, or emotional problem." Participants were asked to report if they needed help or not. Individuals who reported "no" received a score of 1 and those who reported "yes" received a score of "2".

### History of stroke

Individuals were asked whether they ever had a physician-diagnosed stroke. "No" responses were coded as 1, and "yes" responses were coded as 2.

### Self-reported sleep duration

Participants were asked, "How many hours of sleep do you get on average in a 24-hour period?" We classified sleep duration into three categories: short (≤6 hours), average (7--8 hours), and long (≥9 hours) sleep duration.

The data were analyzed using IBM SPSS Statistics for Windows (version 20.0; IBM Corporation, Armonk, NY, USA). Binary logistic regression was utilized to analyze the relationship between sleep duration and limitations in IADL among stroke survivors and among individuals who did not report a history of stroke (we built two regression models). In developing the regression model, we conducted several analytical steps which included the following: 1) assessing whether independent and dependent variables (sleep and IADL, respectively) as well as covariates were normally distributed and if they had high levels of skewness and kurtosis (±2); 2) determining the correlation between independent, dependent, and covariate variables; 3) if variables were associated with either independent or dependent variables, they were deemed as confounders and we adjusted for their potentially confounding effects in the regression model; 4) in addition to empirically determining covariate candidates, we also searched existing literature that indicated strong associations between our independent and dependent variables. Based on our empirical and content search, we identified age, sex, marital status, self-reported health, and poverty as covariates for our regression model. Although the extant literature suggests that depression is a potential confounder, our dataset did not assess for depression over the time frame of 2000--2015, and so we were unable to test for an association.

### Covariates

The factors such as age, sex, marital status, self-reported health status (self-reported health status is defined as an individual's general self-reported health, and individuals report it along a Likert scale from "excellent" to "poor"), and poverty status (the ratio of family income to the US Census Bureau's poverty thresholds for the year) were utilized as covariates.

Results
=======

Descriptive statistics
----------------------

The original sample consisted of 1,108,043 participants; however, only 486,619 participants (43.9%) provided a history of stroke; therefore, only these participants were included in the final sample for the regression analyses. A statistical description of the sample is provided in [Table 1](#t1-ndt-15-177){ref-type="table"}. The mean age of the sample was 45.7 years (SD =14.15); 51.1% identified themselves as female, 77.4% as White, 14.2% as Black, 41.3% as married, 62.7% reported that they were currently working, 31.1% had families earning less than \$35,000 annually, and 90.3% reported that their general health status was within the "good-to-excellent" range. Approximately 3% of the sample reported a physician-diagnosed stroke, 29.8% reported short sleep duration (\<7 hours), 61.65% reported average sleep duration (7--8 hours), 8.6% reported long sleep duration (\>8 hours), and 3.9% reported that they needed help or had issues with IADL. Regarding the need for help with IADL based on stroke status, 29.2% of stroke survivors reported that that needed help with IADL, while only 4.2% of individuals without a stroke history needed help with IADL. With regard to habitual sleep status and need for help with IADL, 34.4% of respondents who reported problems with IADL were short sleepers, while 24.5% who reported problems with IADL were long sleepers.

Specifically among stroke survivors, 57.7% were female, 8.6% reported being married and living with a spouse, 71.3% reported not working in the past 12 months, 19.9% reported poor health status, 29.4% reported a history of physician-diagnosed diabetes, 26% reported a history of heart disease, and 73.8% reported a history of hypertension. The highest stroke prevalence was in the 45--64 (32.50%) and 75--85 (35.20%) age groups.

Inferential statistics
----------------------

Results from binomial logistic regression analyses testing the independent association between sleep duration and IADL among stroke survivors and non-stroke survivors indicated that, among stroke survivors, long sleepers were 97% more likely than average sleepers to report issues with IADL (OR =1.97, 95% CI =1.71--2.26, *P*\<0.001), after adjusting for the confounding effects of age, sex, race, marital status, self-reported health status, and poverty status ([Table 2](#t2-ndt-15-177){ref-type="table"}). Among individuals without a stroke history, both short and long sleep durations were predictive of IADL difficulty. Specifically, short sleepers were approximately 25% more likely than average sleepers to report issues with IADL (OR =1.25, 95% CI =1.18--1.30, *P*\<0.001), while long sleepers were two and a half times more likely to report issues with IADL compared to average sleepers (OR =2.66, 95% CI =2.50--2.82, *P*\<0.001) adjusting for the confounding effects of age, sex, race, marital status, self-reported health status, and poverty status ([Table 3](#t3-ndt-15-177){ref-type="table"}). In summary, long sleep duration among both stroke survivors and individuals without a stroke history was independently associated with IADL difficulty and had a stronger association compared to short sleep duration.

We also found that female stroke survivors were 57% more likely to suffer from issues with IADL compared to their male counterparts. This finding is consistent with previous work that suggests that middle-aged female stroke survivors suffer from cognitive appraisal deficits, depression, low quality of life, and poor activities of daily living.[@b17-ndt-15-177],[@b18-ndt-15-177]

Discussion
==========

The current study examined the impact of sleep duration on difficulty with IADL among stroke survivors and individuals without a stroke history, adjusting for confounding effects of age, sex, marital status, self-reported health status, and poverty status. Although previous studies indicate that short sleep is associated with negative poststroke health outcomes, findings from our current study indicate that long sleep duration rather than short sleep duration is more strongly associated with IADL difficulty among stroke survivors. Our findings also indicate that, among individuals without a history of stroke, both short and long sleep durations were independently associated with IADL difficulty. The neurobiological and biobehavioral explanations for our findings are discussed in the following paragraphs.

Our findings are consistent with previous studies which found in unadjusted models that short and long sleep durations were associated with IADL difficulty in a sample of 60+ year olds in Spain.[@b17-ndt-15-177] Specifically, compared to average sleepers, short sleepers were 56% more likely and long sleepers were 108% more likely to report difficulty with IADL. Interestingly, only the relationship between long sleep and IADL remained significant after adjusting for medical comorbidity and sleep quality. For our study, we found a similar pattern where long sleep duration, not short sleep duration, remained significant in predicting IADL difficulty among stroke survivors. Older individuals are more likely to have vascular disease and mild cognitive impairment, with or without a stroke, which can affect their ability to successfully perform IADL.[@b18-ndt-15-177],[@b19-ndt-15-177] Longer sleep duration in these individuals may therefore be a risk indicator of undiagnosed neurodegenerative disease or early dementia. In the case of stroke survivors, long sleep duration may suggest increased risk for a secondary stroke or a corollary comorbidity, due to more extensive cerebrovascular disease.

In addition to the neurobiological explanation of our findings, there may also be a biobehavioral explanation. Since short sleep duration was no longer significant in adjusted models whereas long sleep duration was, it may be that long sleep duration is truly independently associated with IADL difficulty. The conventional scientific view is that the effect of long sleep duration on health outcomes, especially IADL difficulty, is due to a synergistic effect -- that is, its impact on health outcomes is coupled by another driving force, such as a medical comorbidity, depression, increased inflammation, pain, obesity, diabetes, and heart disease where they are all common among stroke survivors.[@b20-ndt-15-177]--[@b22-ndt-15-177] Our results, after adjusting for comorbidity, however, suggest otherwise and argue that the effect of long sleep duration on IADL difficulty may be more direct than synergistic or additive effect.

Findings from our study have implications for how stroke survivors are medically treated and may provide insight about the prognosis for recovery and rehabilitation after a stroke. Moreover, our findings are consequential for stroke survivors, because sleep may play a critical role in recovery as previous work links sleep to neurorehabilitation and learning which may be compromised after a stroke.[@b23-ndt-15-177] Therefore, the lack of optimal sleep (short or long sleep duration) may prevent or retard neurological reorganization after a stroke which in turn may compromise cognitive functioning and stroke survivors' ability to perform or relearn IADL successfully.

Study limitations
-----------------

Results from our study should be interpreted cautiously in light of the following potential limitations. First, self-reported sleep duration, as opposed to objective measurement of sleep captured by polysomnography or actigraphy, may not be the most accurate measurement of habitual sleep duration. Second, the cross-sectional design of the NHIS dataset precludes making causal inferences between sleep duration and IADL. Third, self-reported sleep duration is limited and unreliable because studies do not distinguish between weekday and weekend sleep, which typically varies. Fourth, our regression models did not test the potential confounding role of depression on the relationship between sleep duration and IADL, because our dataset did not assess for depression. Fifth, although our dichotomization of the IADL measure is widely accepted especially in the NHIS dataset, it is not ideal because it misses potentially meaningful nuances if it were to be assessed dimensionally. Finally, we were unable to determine the type of stroke, number of strokes, duration of stroke, chronicity/severity of stroke, functional status as measured by modified Rankin Scale, medical comorbidities, and medication and physical function after the stroke which could influence (statistical confounders) an individual's ability to perform IADL. Future studies should investigate whether reduction in sleep duration from long sleep to average sleep (7--8 hours), perhaps through interventions targeted at improving sleep quality and efficiency, could improve IADL among stroke survivors. Second, future studies should investigate whether sleep duration affects differential IADL rates between men and women. Finally, future studies should use more robust measures and test a more comprehensive model with more covariates such as the level of impairment, nutrition, physical activity amount, and intensity performed.

Conclusion
==========

Stroke survivors, who report habitual long sleep duration as opposed to short sleep duration, are more likely to report problems with IADL. Conversely, both short and long sleep durations were independently associated with IADL difficulty among individuals without a stroke history. There are neurobiological and biobehavioral explanations for these findings as well as consequences for treatment and rehabilitation of stroke survivors. Improving overall sleep quality may improve IADL functioning after a stroke. We argue that stroke survivors should be screened for underlying sleep problems (specifically long sleep duration) and stroke survivors should be encouraged to get necessary treatment for sleep disturbances as it may improve their quality of life and assist them in their recovery.
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###### 

Sociodemographic characteristics of survey participants

  Variables                                                    Percentage of participants
  ------------------------------------------------------------ ----------------------------
                                                               
  Female                                                       52.70
  **Ethnicity**                                                
   White                                                       77.40
   Black                                                       14.20
  Married                                                      41.30
  Currently working                                            62.70
  Families earning \<\$35,000 annually                         31.10
  Self-reported general health status as "excellent to good"   87.00
  **Self reported**                                            
  Physician-diagnosed stroke                                   3.00
  **Sleep duration**                                           
   Short sleep duration (\<7 hours)                            29.84
   Average sleep (7--8 hours)                                  61.57
   Long sleep duration (\>8 hours)                             8.58
  Difficulties with IADL                                       3.87
  Individuals with stroke history who had                      29.16
  difficulties with IADL                                       
  Individuals with no stroke history who had                   4.22
  difficulties with IADL                                       
  Individuals with difficulties with IADL who                  34.40
  were short sleepers                                          
  Individuals with difficulties with IADL who                  24.50
  were long sleepers                                           

**Abbreviation:** IADL, instrumental activities of daily living.

###### 

Independent association of sleep duration on IADL among stroke survivors

  OR estimates                                                                         
  ------------------------------------------------------------ ------- ------- ------- ----------
                                                                                       
  **Hours of sleep**                                                                   
  7--8 sleep hours (ref)                                       --      --      --      --
  Short sleeper (\<6 hours)                                    0.90    0.79    1.03    0.12
  \>8 sleep hours[\*](#tfn2-ndt-15-177){ref-type="table-fn"}   1.97    1.71    2.27    \<0.001
  Age[\*](#tfn2-ndt-15-177){ref-type="table-fn"}               1.03    1.02    1.04    \<0.001
  **Sex**                                                                              
  Male (ref)                                                   --      --      --      --
  Female[\*](#tfn2-ndt-15-177){ref-type="table-fn"}            1.57    1.40    1.77    \<0.0001
  **Marital status**                                                                   
  Married (ref)                                                --      --      --      --
  Never married[\*](#tfn2-ndt-15-177){ref-type="table-fn"}     2.42    1.95    3.01    \<0.001
  Separated[\*](#tfn2-ndt-15-177){ref-type="table-fn"}         1.91    1.42    2.56    0.56
  Unknown marital status                                       1.39    0.45    4.29    \<0.001
  Widowed[\*](#tfn2-ndt-15-177){ref-type="table-fn"}           2.19    1.87    2.58    \<0.001
  Divorced[\*](#tfn2-ndt-15-177){ref-type="table-fn"}          1.62    1.39    1.88    \<0.001
  **Self-reported health status**                                                      
  Excellent (ref)                                                                      
  Very good[\*](#tfn2-ndt-15-177){ref-type="table-fn"}         1.17    0.80    1.71    0.43
  Good[\*](#tfn2-ndt-15-177){ref-type="table-fn"}              2.65    1.81    3.87    \<0.001
  Fair[\*](#tfn2-ndt-15-177){ref-type="table-fn"}              6.39    4.39    9.31    \<0.001
  Poor[\*](#tfn2-ndt-15-177){ref-type="table-fn"}              16.35   11.15   23.97   \<0.001
  **Poverty status**                                                                   
  At or above poverty (ref)                                                            
  Below poverty                                                1.44    1.24    1.66    \<0.001
  Unknown                                                      0.99    0.86    1.15    0.92

**Note:**

Significant finding at *P*\<0.05.

**Abbreviations:** IADL, instrumental activities of daily living; ref, reference.

###### 

Independent association of sleep duration on IADL among individuals without a stroke history

  OR estimates                                                                         
  ------------------------------------------------------------ ------- ------- ------- ---------
                                                                                       
  **Hours of sleep**                                                                   
  7--8 sleep hours (ref)                                       --      --      --      --
  Short sleeper (\<6 hours)                                    1.25    1.18    1.31    \<0.001
  \>8 sleep hours[\*](#tfn4-ndt-15-177){ref-type="table-fn"}   2.66    2.50    2.82    \<0.001
  Age[\*](#tfn4-ndt-15-177){ref-type="table-fn"}               1.05    1.04    1.05    \<0.001
  **Sex**                                                                              
  Male (ref)                                                   --      --      --      --
  Female[\*](#tfn4-ndt-15-177){ref-type="table-fn"}            1.48    1.14    1.56    \<0.001
  **Marital status**                                                                   
  Married (ref)                                                --      --      --      --
  Never married[\*](#tfn4-ndt-15-177){ref-type="table-fn"}     2.83    2.61    3.06    \<0.001
  Separated[\*](#tfn4-ndt-15-177){ref-type="table-fn"}         1.91    1.69    2.15    \<0.001
  Unknown marital status                                       1.10    0.72    1.68    0.659
  Widowed[\*](#tfn4-ndt-15-177){ref-type="table-fn"}           2.46    2.30    2.64    \<0.001
  Divorced[\*](#tfn4-ndt-15-177){ref-type="table-fn"}          1.90    1.77    2.03    \<0.001
  **Self-reported health status**                                                      
  Excellent (ref)                                                                      
  Very good[\*](#tfn4-ndt-15-177){ref-type="table-fn"}         1.78    1.57    2.00    \<0.001
  Good[\*](#tfn4-ndt-15-177){ref-type="table-fn"}              4.90    4.38    5.50    \<0.001
  Fair[\*](#tfn4-ndt-15-177){ref-type="table-fn"}              16.33   14.55   18.33   \<0.001
  Poor[\*](#tfn4-ndt-15-177){ref-type="table-fn"}              59.65   52.96   67.19   \<0.001

**Note:**

Significant finding at *P*\<0.05.

**Abbreviations:** IADL, instrumental activities of daily living; ref, reference.
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